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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a lithium manganese compound 
oxide improved in packing density while maintaining electrochemical properties such as energy 
density and cycle characteristics and to obtain a lithium secondary battery having a high energy 
density comprising the lithium manganese dioxide oxide as an anode active substance. 
SOLUTION: This method for producing a lithium manganese compound oxide comprises mixing 
manganese oxide with a lithium salt, primarily baking the mixture to give a lithium manganese 
compound oxide, reducing the degree of crystallization of the compound oxide and secondarily 
baking the compound oxide. Before and/or after the reduction in the degree of crystallization of 
the lithium manganese compound oxide obtained by the primary baking, a lithium salt is added to 
the compound oxide, mixed and baked. The primary and the secondary bakings are carried out 
at 250-900° C. A nonaqueous lithium secondary battery using the lithium manganese compound 
oxide as an anode is obtained. 
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Partial translation of JP A Hei 10-194745 entitled "Method for 
producing lithium manganese composite oxide and use thereof" 

[0037] 
Example 1 

Lithium carbonate (Li2CC>3) and trimanganese tetraoxide 
(Mn 3 0 4 : Tosoh Corporation (trade name: Brownox) ) were weighed 
so that Li/Mn molar ratio=1.05:2, and mixed sufficiently in a 
mortar- The mixture was placed in an alumina crucible and 
subjected to a primary baking at 750 °C in the air for 10 hours, 
using a common electric muffle kiln. 
[0038] 

An X-ray analysis of the baked powder showed the same 
peak pattern as JCPDS35-7 82, thereby identifying the product 
as LiMn 2 0 4 . 
[0039] 

A part of the baked powder was collected, placed in a 
pot with a volume of 1000 cm 3 together with 5 -mm diameter 
zirconia beads, and milled at 120 rpm in the pot for 24 hours. 
[0040] 

An X ray analysis showed a broad peak, thereby 
confirming that the degree of crystallinity was lowered. 
[0041] 

Thereafter, the ball milled powder was subjected to a 
secondary baking at 850 °C in the air for 5 hours, using the 
same electric muffle kiln as that used for the primary baking. 
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[0042] 

FIG. 2 shows the X-ray diffraction patterns of the 
power subjected to the primary baking , the milled powder , and 
the power subjected to the secondary baking. Also, Table 1 
shows the packing densities of these powders measured with a 
uniaxial molding machine at a molding pressure of 2 t/cm 2 and 
the specific surface areas (BET) thereof measured by an 
adsorption method. 

[0043] 

[Table 1] 





Packing density 
(g/cm 3 ) 


Specific surface area 
(m 2 /g) 


After primary baking 


2.6 


4.1 


Milled powder 


2.9 


14.0 


After secondary baking 


2.9 


2.7 



[0044] 

Compared with the packing density of the powder 
subjected to the primary baking, the packing densities of the 
milled powder and the powder subjected to the secondary baking 
were clearly found to be increased. 
[0045] 

LiMn 2 0 4 obtained by the primary baking, the milling, 
or the secondary baking, a carbon powder serving as a 
conductive material , and a polytetraf luoroethylene powder 
serving as a binder were mixed in a mortar in a weight ratio 
of 88:7:5. This mixture of 50 mg was molded into a 13 -mm cp 
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pellet at a pressure of 1 ton/cm 2 . Batteries of 1.33 cm 2 as 
illustrated in FIG. 1 were produced by using the pellet thus 
obtained as the positive electrode (3) of FIG. 1, using a 
piece of lithium cut out from a lithium foil (thickness 0.2 
mm) as the negative electrode (5) of FIG. 1, and impregnating 
the separator (4) of FIG. 1 with an electrolyte prepared by 
dissolving LiPF6 at a concentration of 1 mol/dm 3 in a liquid 
mixture of propylene carbonate and 1, 2 dime thoxye thane in a 
volume ratio of 1:1. 
[0046] 

The batteries produced by the above method were 
repeatedly charged and discharged in the battery voltage range 
of 3.5 V to 4.5 V at a constant current of 1.33 mA. 
[0047] 

In the case of using the powder subjected to the 
primary baking, the discharge capacity at the 1 st cycle was 122 
mAh/g, and the retention ratio of the 50 th cycle to the 1 st 
cycle was 98.5%. 
[0048] 

Contrary to this, the battery using the milled powder 
as the positive electrode active material exhibited a clear 
degradation of discharge characteristics , with the discharge 
capacity at the 1 st cycle being 100 mAh/g and the retention 
ratio of the 50 th cycle to the 1 st cycle being 92%. As for the 
battery using the power subjected to the secondary baking as 
the positive electrode active material, the battery 
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characteristics were almost the same as those after the 
primary baking, with the discharge capacity at the 1 st cycle 
being 123 mAh/g and the retention ratio of the 50 th cycle to 
the 1 st cycle being 98.8%. 
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